ABSTRACT: Construction projects inherently possess uncertainties, which represent risks and opportunities to contracting business entities. Their business success, therefore, is largely defined by how these uncertainties are managed from the planning and estimating to execution phases. Traditionally risks, in particular, have been dealt by converting them into the form of a contingency. Ironically, however, cost estimators have relied on deterministic ways of predicting project cost by producing point estimates. Moreover, contingencies have been typically determined as a percentage of the project cost.
INTRODUCTION
Construction projects inherently possess uncertainties, which represent risks and opportunities to contracting business entities. Their business success, therefore, is largely defined by how these uncertainties are managed from the planning and estimating to execution phases.
Traditionally risks, in particular, have been dealt by converting them into the form of a contingency. Ironically, however, cost estimators have relied on deterministic ways of predicting project cost by producing point estimates.
Moreover, contingencies have been typically determined as a percentage of the project cost.
This practice is not enough to assess the impact of the project uncertainties. To remedy this situation, researchers have developed various analytical models, aiming at improving contingency estimation. These tools, however, have not been embraced as much by contracting firms mainly because they generally do not have expertise of the formal modeling techniques required to use these complex models [1, 2] . From this perspective, this paper proposes an integrated risk-based cost contingency estimation model, which separates complex analytical aspects from its input and output processes. This approach helps contracting firms focus on extracting their experience and expertise in adequately determining a reasonable estimate and contingency. The following section describes conceptual risk analysis steps and the implantation of the proposed contingency estimation model.
MODEL DESCRIPTION & IMPLEMENTATION
The proposed integrated cost contingency model uses a risk management process as depicted in the figure below ( Fig. 1) It is important, therefore, to preserve their process in the risk analysis so that they can focus on extracting their experience and expertise, not learning the new system. Thus the proposed model is based on a contracting firm's estimating spreadsheet as a starting point for the series of risk analyses. Fig. 2 shows an example of the estimate template and data of a firm, which provides a deterministic base estimate. In the cost risk analysis model, every cost component with a potential for variability is modeled as a random variable.
The most common way to model this variability is the use of probability density distributions. A Monte Carlo simulation (MCS) adopted in the model uses the probability distribution functions (PDFs), from which a random sample of values is generated to represent the variability. Several authors claim that the triangular distribution is as good as other distributions and is preferred due to its simplicity [4, 5] . The generated random values and the constant cost figures (cost components that are considered to have no variability) are added up and a value for the total cost is computed. This procedure is repeated thousands of times so a cumulative distribution function (CDF) for the project cost can be obtained. Fig. 3 shows a cost item in the contractor's estimate whose variability is specified through the triangular distribution. Touran [7] gives values of 0.15, 0.45, and 0.8 for weak, moderate and strong correlation correspondingly. Fig. 4 shows the correlation between cost items in the model. Internal uncertainty is best characterized by specifying a feasible range of values and probability distributions, while external uncertainty is more appropriately modeled by assessing the likelihood of that risk event happening or not [8] .
External risks are relatively uncontrollable while internal factors are more controllable and vary between projects [9] .
To handle these external risks systematically in the risk analysis, a "risk register" is created. The general procedure first assesses qualitatively the probability of occurrence of each risk and then its consequences on project performance.
In a similar way the consequence of certain risk on project cost can be also evaluated. Once the occurrence probability and consequences of each risk are scored they can be mapped into a matrix where the importance of each one can be evaluated. Fig. 5 provides a way to Since the contingency depends on the variability of the cost items, before finalizing it, one can attempt to reduce the range of the uncertainty by implementing some mitigation strategies. As shown in Fig. 8 , a mitigation strategy can be implemented at a certain cost, resulting in lowering the probability of occurrence of an uncertain event and/ or its level of impact. This process can be repeated for other cost items and one more round of Monte Carlo simulation will be performed. 
